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(57) Abstract 

A generally cylindrical, radially expandable stent may be composed of a plurality of interconnected multibonate cell structures. The 
cells have three or more enlarged end portions radiating from a common center within the cell. The cells may be of tribonate or higher 
order multibonate configuration. Stents composed up of a series of generally multibonate cell elements are also disclosed. 
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IMPROVED STENT CELL CONFIGURATIONS 



Rp^Wprnnnd of the Invention 

This application is a continuation-in-part of US Application No. 
5 09/036665 filed March 4, 1998, the contents of which is incorporated herein in its 
entirety by reference. 



Field of the Invention 

This invention relates to stents of improved cell configuration. 

10 

Brief Description of the Prior Art 

Stents are radially expandable endoprostheses which are typically 

intravascular implants capable of being implanted transluminal^ and enlarged radially 

after being introduced percutaneously. They have also been implanted in urinary tracts 
15 and bile ducts. They are used to reinforce body vessels and to prevent restenosis 

following angioplasty in the vascular system. They may be self-expanding or expanded 

by an internal radial force, such as when mounted on a balloon. 

In the past, stents have been generally tubular but have been composed of 

many cell configurations and have been made of many materials, including metals and 
20 plastic. Ordinary metals such as stainless steel have been used as have shape memory 

metals such as Nitinol and the like. Stents have also been made of biodegradable plastic 

materials. Such stents have been formed from wire, tube stock, and the like. 



Summary of the Invention 

25 This invention provides new configurations of the cells making up stents 

which may be adapted to all of the various types of prior art stents described above 
and/or known previously in the art. In general, as will be seen from the embodiments 
described hereinafter, the improved cell configurations are generally trichotomous, i.e., 
divided into three parts. More particularly, the cells are of a triskelion-like or trifurcate 

30 configuration, i.e., composed of three parts with axes of each part radiating from a 
common center. There are numerous advantages to the new configurations. For 
example, the configurations of the invention limit recoil and add resistance to 
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Figure 1 1 is a flat plan view showing yet another embodiment of the 

invention; 

Figure 12 is a flat plan view showing a bonate cell structure; 
Figure 13 is a flat plan view showing a multibonate (tribonate) cell 

5 structure; 

Figure 14a is a flat plan view showing yet another tribonate embodiment 
of the invention; 

Figure 14b is a flat plan view showing the rotational axis of symmetry of 
the multibonate cells of Fig. 14a; 
10 Figure 14c is a flat plan view showing the planes of reflectional 

symmetry of the multibonate cells of Fig. 14a; 

Figure 15a is a flat plan view showing yet another tribonate embodiment 
of the invention; 

Figure 15b is a flat plan view showing the plane of reflectional symmetry 
15 of the multibonate cells of Fig. 1 5b; 

Figure 16a is a flat plan view showing yet another tribonate embodiment 
of the invention; 

Figure 16b is a side elevational view of the stent of Fig. 16a; 
Figure 16c is a three dimensional isometric view of the stent of Fig. 16a; 
20 Figure 1 6d is a magnified view of an end portion of the stent as shown in 

Fig. 16d; 

Figure 16e is a three dimensional isometric view of a stent similar to that 
of Fig. 16c, but shorter; 

Figure 17 is a flat plan view showing yet another embodiment of the 
25 invention which includes tribonate and bonate structures; 

Figure 1 8 is a flat plan view showing yet another embodiment of the 
invention which includes tribonate and bonate structures; 

Figure 19 is a flat plan view showing a quadribonate embodiment of the 

invention; 

30 Figure 20a is a flat plan view showing yet another quadribonate 

embodiment of the invention; 

Figure 20b is an enlarged portion of Fig. 20a showing the various planes 

of symmetry; 
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Finally, the longitudinal axis of the stent is indicated by reference 
numeral 270 in the above figures and in all of the remaining figures of the application. 

When the stent of Figures 1 and 2 is expanded, as shown in Figure 4, on 
a balloon for example (not shown), the cells 1 1 take on a new configuration as shown, 
5 the segments making up the stent being indicated by the same numbers as used in 
Figures 1 and 3. 

Referring now to Figures 5-6, another internested stent embodiment is 
shown. In this embodiment, as seen in Figures 5 and 6, expansion cells 11, best seen in 
the detail of Figure 6 (again a cell is indicated by darkening) are shaped the same as 

10 cells 1 1 in Figures 1-3. However, they are skewed with respect to the longitudinal axis 
270 of the stent rather than being arranged in parallel longitudinal lines in which the 
cells are positioned perpendicular to the longitudinal axis of the stent as in Figures 1-4. 

Referring now to Figure 7, another cell configuration is shown to 
demonstrate that elements or segments 12, 14 and 16 need not be straight but may be 

15 arcuate as shown, either inwardly as shown in the Figure or outwardly. 

The cell configuration shown in Figure 8 is a three-lobed configuration 
preferably used in an interconnected cellular arrangement with individual connecting 
members as discussed in Figures 9 and 10. In this embodiment three sections, 
12a/12bm 14a/14bm and 16a/16b, radiate from a common center to terminate in 

20 enlarged end portions 13, 15 and 17, respectively. However, Figures 9 and 10 make use 
of cell configurations similar to those shown in Figures 1-6. 

In Figure 9, a series of sets of cells, each set consisting of six cells 1 1 
arranged in a circular pattern 28, repeated throughout the stent body. Each cell 1 1 is 
connected to three adjacent cells 1 1 by three connector segments 30 in a repeating 

25 pattern through the stent body. In this particular arrangement, the connector members 
30 extend from an inner segment on one cell to an inner segment on an adjacent cell, as 
shown. The connector members may be straight or curved and may be in various shapes 
such as zig-zag or S-shaped, etc. 

In Figure 10 the connector members 30 extend from an inner segment on 

30 one cell to an outer segment on the adjacent cell as shown. Cells 1 1 are arranged in 
vertical rows in this embodiment but are staggered longitudinally as can be seen in the 
Figures. 
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cell structures may optionally be regularly arranged. One such stent is shown in the flat 
in Fig. 14a. Stent 200 consists of a plurality of interconnected tribonate cell structures 
120. Tribonate cell structures are arranged in interconnected longitudinal rows 204. 
Tribonate cell structures within a row are seen to be tessellated or interlocking with 
5 adjacent cell structures having at least one member 124a in common. Member 124 
simultaneously serves as an end portion of a cell structure and as a portion of the central 
portion of a cell structure. Tribonate cell structures 120 in adjacent rows 204 are also 
seen to share a member 124b in common. Member 124b, similarly, serves as an end 
portion in one cell structure and as a portion of the central portion of a cell in an 
10 adjacent row. All of the tribonate structures 120 in adjacent rows 204 of multibonate 
structures are identically oriented relative to the longitudinal axis of the stent. 

It is further noted that tribonate cells 120 of Fig. 14a have a common 
portion 128 which is substantially triangular and moreover formed substantially in an 
equilateral triangle. Each tribonate cell 120 has a threefold rotational axis of symmetry 
15 (C 3 axis of symmetry) 121 in the flat, through the center of the cell, as shown in Fig. 
14b. Each tribonate structure further is characterized by three planes of reflectional 
symmetry (o v ) 123a-c, as shown in Fig. 14c. To that end, first, second and third end 
portions 124a-c, respectively, are the same shape. Moreover, all three connecting 
portions 132a-c are substantially the same shape, width and length. 
20 The invention further contemplates variations on the multibonate 

structure in general and the tribonate structure in particular. One such variation is 
shown in stent 200 in Fig. 1 5a. Tribonate cell structure 120 is not seen to possess the 
threefold rotational symmetry of the tribonate cell structure of Fig. 14a. Moreover, cells 
120 are seen to possess only a single plane of reflectional symmetry (o v ) 123, as shown 
25 in Fig. 1 5b. The cell structure is also seen to vary in that second and third end portions 
124b,c are a reflection of one another while end portion 124a differs in shape. End 
portion 124a is substantially triangular in shape. Its boundaries are defined by two 
convex side portions 136a,b. End portions 124b,c are each seen to be mushroom 
shaped. Each of end portions 124a-c extend from connecting portions 132a-c, 
30 respectively, which in turn, extend from common portion 128. End portions 124a-c are 
seen to be mushroom shaped. 

Another embodiment of the invention is shown generally at 200 in Figs. 
16a-e. As in Fig. 15, tribonate cell structure 120 does not possess the threefold 
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The invention also contemplates stents in which multibonate cells include an end 
portion which is parallel to the longitudinal axis of the stent. Such a stent is shown 
generally at 10 in Fig. 1. End portions 124b are aligned parallel to the longitudinal axis 
270 of the stent. 

5 Yet another embodiment of the invention is shown generally at 200 in 

Fig. 19. Stent 200 is comprised of a series of interconnected, intefnested quadribonate 
cells 1 20 including first quadribonate cells 1 20a and second quadribonate cells 1 20b. 
First and second quadribonate cell 120a,b are differently shaped. End portions 124a of 
first quadribonate cells 120a also serve as side portions of adjacent second quadribonate 
10 cells 1 20b. First quadribonate cells 1 20a are joined together by connecting members 
1 54 which also serve as end portions 124b for quadribonate cells 120b. End portions 
124a of first quadribonate cell structures 120a are oriented at oblique angles relative to 
longitudinal axis 270. End portions 124b of second quadribonate cell structures 120b 
are oriented parallel or perpendicular to longitudinal axis 270 of stent 200. The stent of 
15 Fig. 1 9 is an example of a multibonate stent which consists of at least two different 
types of multibonate cells of the same order. 

Another quadribonate stent is shown generally at 200 in Fig. 20a. Stent 
200 is formed of a series of interconnected, intemested quadribonate cells 120 including 
first quadribonate 120a and second quadribonate cells 120b. End portions 124a of first 
20 quadribonate cell structures 120a are oriented at oblique angles relative to longitudinal 
axis 270. End portions 124b of second quadribonate cell structures 1 20b are oriented 
parallel or perpendicular to longitudinal axis 270 of stent 200. Stent 200 further 
includes bonate cell structures 140 oriented at oblique angles relative to the longitudinal 
axis 270 of the stent. The stent of Fig. 20a is an example of a multibonate stent which 
25 consists of at least two different types of multibonate cells of the same order and further 

contains bonate cells. 

The quadribonate cells of Figs. 19 and 20 have a four-fold axis of 
rotational symmetry. Fig. 20b shows this axis 121 for one quadribonate cell 120b of 
Fig. 20a. The quadribonate cells also are characterized by four planes of reflectional 

30 symmetry 123a-d. 

The invention is also directed to a stent, shown generally at 200 in Fig. 
21a, which includes elongated tribonate cell structures 120 as well as a row of bonate 
cell structures 140 at one end of the stent. Tribonate cells 120 include a relatively long, 
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from a common portion 166. The invention contemplates stents in which adjacent 
multibonate structures have at least one side in common, as shown in Fig. 9, as well as 
stent in which adjacent multibonate structures do not have at least one side in common. 
The invention is also directed to stents comprising at least one 

5 multibonate structure of n th order and at least one bonate structure or multibonate 
structure of m th order where n and m are integers, n and m are greater than 2 and n*m. 
These stents comprise at least one multibonate structure of a desired order and one 
bonate structure or multibonate structure of a different order. 

The stent of Fig. 9 comprises sixth order multibonate structures 

10 (hexabonate) 1 50 as well as third order (tribonate) structures 120. The different order 
multibonate structures may be interlocking, having parts in common. Tribonate 
structures 120 in Fig. 9 are interconnected by connecting segments 154 which also serve 
as end portions of hexabonate cell structures 150. The different order multibonate 
structures may also be separate from one another and interconnected via connecting 

15 members. 

The invention also contemplates stents formed of at least two different 
types of multibonate cell structures of the same order. For example, the two different 
types of multibonate cells may have different dimensions or different shapes. This is 
illustrated in Fig. 10. The stent, shown in the flat, includes first tribonate cells 120a and 
20 second tribonate cells 120b. The shape of first tribonate cells 120a differs from that of 
second tribonate cells 120b. Figure 19 similarly includes two different types of 
quadribonate cells 120a,b. 

The invention is also directed to a stent comprised of at least one cell 
structure selected from the group consisting of bonate cell structures oriented at an 
25 oblique angle relative to the longitudinal axis of the stent, multibonate cell structures 
and combinations thereof. Desirably, the stent will be composed comprised of a 
plurality of cell structures selected from the group consisting of bonate cell structures 
oriented at an oblique angle relative to the longitudinal axis of the stent, multibonate cell 
structures and combinations thereof. Optionally, the cell structures will be interlocking. 
30 The invention is further directed to a stent comprising one or more 

bonate structures oriented at an oblique angle relative to the longitudinal axis of the 
stent. As shown in the flat in Fig. 23, stent 200 consists of interconnected bonate cell 
structures 140. The stent includes first bonate cell structures 140a which are oriented at 
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What is claimed is as follows: 

1 . A stent of generally cylindrical shape comprised of at least one multibonate cell 
structure. 

2. The stent of claim 1 comprised of a plurality of interconnected multibonate cell 
5 structures. 

3. The stent of claim 2 wherein the multibonate cell structures are regularly 
arranged. 

4. The stent of claim 2 wherein all of the multibonate cell structures are tribonate, 
each tribonate structure having 

10 a common portion; 

a first connecting portion extending from the common portion; 

a first end portion extending from the first connecting portion; 

a second connecting portion extending from the common portion; 

a second end portion extending from the second connecting portion; 
15 a third connecting portion extending from the common portion; and 

a third end portion extending from the third connecting portion. 

5. The stent of claim 4 wherein the multibonate structures are arranged in 
interconnected longitudinal rows. 

6. The stent of claim 5 wherein at least some of the multibonate cell structures are 
20 tribonate. 

7. The stent of claim 6 wherein adjacent rows of multibonate structures have 
connecting members extending therebetween. 

8. The stent of claim 6 wherein adjacent multibonate structures within a row are 
interlocking. 

25 9. The stent of claim 6 wherein adjacent rows of multibonate structures have 

connecting members extending therebetween, the connecting members being bonate cell 
structures. 

1 0. The stent of claim 9 wherein each bonate cell structure is disposed at an oblique 
angle relative to the longitudinal axis. 
30 11. The stent of claim 1 0 wherein the bonate cell structures are arranged in 
longitudinal rows, 

all of the bonate cells within a row disposed at the same oblique angle, 
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a second side portion opposite the first side portion and extending from the 
connecting portion; and 

an end base portion extending between the first and second side portions, 
wherein the base portion is substantially linear. 
5 25. The stent of claim 23 wherein the substantially rectangular end portions are 
formed of 

a first side portion extending from the connecting portion; 

a second side portion opposite the first side portion and extending from the 
connecting portion; and 
10 an end base portion extending between the first and second side portions, 

wherein the base portion is a convex curve. 

26. The stent of claim 6 wherein at least some of the multibonate structures are 
hexabonate structures. 

27. The stent of claim 26 wherein adjacent hexabonate structures have at least one 
15 side in common. 

28. The stent of claim 26 further comprising tribonate structures. 

29. The stent of claim 28 wherein the hexabonate and tribonate structures are 
interlocking. 

30. The stent of claim 8 comprising at least one multibonate structure of n th order 
20 and at least one multibonate structure of m th order 

where n and m are integers greater than 2; and 
n*m. 

31 . The stent of claim 6 wherein all of the multibonate cell structures are of the same 
tribonate cell structure. 

25 32. The stent of claim 6 comprising interconnected quadribonate cell structures. 

33. A stent comprised of at least one cell structure selected from the group 
consisting of bonate cell structures oriented at an oblique angle relative to the 
longitudinal axis of the stent, multibonate cell structures and combinations thereof. 

34. The stent of claim 33 comprised of a plurality of cell structures selected from the 
30 group consisting of bonate cell structures oriented at an oblique angle relative to the 

longitudinal axis of the stent, multibonate cell structures and combinations thereof. 



MSDOCID: <WO 9944543 A 1_l_> 




-NSDOCID: <WO._.9944543A1_l _> 



SUBSTITUTE SHEET (RULE 26) 



WO 99/44543 



PCT/US99/04686 



7/27 



6 
CM 




SUBSTITUTE SHEET (RULE 26) 



MSDOCID: <WO 9944543A1J_> 



WO 99/44543 



PCT/US99/04686 



9/27 



O 




JNSDOCID: <WO 99*4S43A1_L> 



SUBSTITUTE SHEET (RULE 26) 



WO 99/44543 



PCT/US99/04686 



11/27 



Fig. 13 




SUBSTITUTE SHEET (RULE 26) 

VMSDOCID: <WO 9944543A1_I_> 




5NSD0C1D: <WO 9944S43A1J_> 



SUBSTITUTE SHEET (RULE 26) 



WO 99/44543 



PCI7US99/04686 



15/27 




3NSDOCID: <WO 9944543A1 J_> 



SUBSTITUTE SHEET (RULE 26) 



WO 99/44543 



PCT/US99/04686 



17/27 




5NSDOCID: <WO 9944543A1_I_> 



SUBSTITUTE SHEET (RULE 25) 



WO 99/44543 



PCT/US99/04686 



19/27 




NSDOCID: <WO 9944543A1_I_> 



SUBSTITUTE SHEET (RULE 25) 



WO 99/44543 



PCT/US99/04686 



21/27 



h 

o 

CM 




O O 
C\J 



3NSDOCID: <WO 9944S43A1J_> 



SUBSTITUTE SHEET (RULE 26) 




^ISDOCIO: <WO 9944543A1_1_> 



SUBSTITUTE SHEET (RULE 26) 



WO 99/44543 



PCT/US99/04686 



25/27 




SUBSTITUTE SHEET (RULE 26) 

VMSDOCID: <WO 9944S43A !..!_> 




JNSDOCID: <WO 9S44543A1_1_> 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 

.if ormation on patent family members 



tntei *nal Application No 

PCT/US 99/04686 



Patent document 


Publication 




Patent family 


Publication 


tllcU III OCQlUl fC^VIl 


date 




member(s) 


date 


US 5697971 A 


1 C 1 O 1 OQ7 

16-iz-iyy/ 


All 
AU 


9A1 C.4Q7 A 






r a 
LA 


dLVQDOO A 


11-1 9—1 QQ7 






CD 

EP 


no 0 1 AO 1 A 

082iyzi A 


0/1-09—1 QQQ 






ID 

JP 


lOUbZbOo A 


94—09—1 QQQ 


WO 9603092 A 


08-02-1996 


US 


b/33303 A 


9. 1 — QQQ 

oi-u j-iyyo 




A T 

AT 


I/O/Jo 1 


1 C— AO — 1 QQQ 

ib-uy iyyo 






A 1 f 

AU 


Tno/ICQ D 

/0Z4OO D 


9C-.Q9 — 1 QQQ 

^b-uz-iyyy 






A 1 1 

AU 


'197AC0.C A 


99— 09— 1 QQf\ 






DO 


ybOoobo A 


0/1-1 1 — 1 QQ7 






r a 

CA 


91QC7Q9. A 

^iyb/oj A 


OQ-09— 1 QOC 

vo-\Jc iyyo 






CN 


1 1 CQA7Q A 

llboU/o A 


97— HQ— 1 QQ7 






cz 


fl7AA1Q1 A 

y/ouiy± a 


1 1 — Oft— 1 QQ7 

l i-uo iyy / 






DE 


i nc q 1 c ao 
19b81b03 L 


no_ o/i — 1 qqq 

uz-U4-iyyo 






DE 


1 nc o 1 c no T 
19581b03 I 


1 £ A1 — 1 OQ7 

16-ui-iyy/ 






rv r* 

DE 


295Z1193 U 


0/1 — 1 A— 1 OQC 

24-io-iyy6 






r\ r* 

DE 


one o 1 one u 

29521ZQb U 


1 A AA«1 OQC 

19-09-1996 i 






rv r - 

DE 


OrtC 9 1 9AC 1 1 

29bZ1206 U 


1 O—OO— 1 OQC 

iy-oy-iyyo 






rv r* 

DE 


69b046b9 U 


1 C_1 n_ 1 QQQ 

ib-iu-iyyo 






rv r* 

DE 


t>yb04oby 1 


n^_nc_i qqq 

uo-ub iyyy 






r\t/ 

DK 


OAft7 A 

809/ A 


i n_n o_ i qo7 

iy-uz-iyy/ 






EP 


rv "7 c oor c a 

07628b6 A 


1 n no i no7 
19*03-199/ 






EP 


AO A C A AQ A 

0846448 A 


1 n nc i qqq 

io-06-iyyo 






r* n 

EP 


f\Q A C A A(\ A 

0846449 A 


1 A AC 1 QQQ 

io-06-iyyo 






r* rv 

EP 


AO Ad A CA A 

08464b0 A 


1 n_nc_ 1 qqq 

io-oo-iyyo 






EP 


f\& A C A C 1 A 

0846451 A 


i n ac i noo 
10-06-1998 






r* n 

EP 


AO AC A CO A 

08464bZ A 


1 A AC — 1 QQQ 

io-oo-iyyo 






ES 


01 OOOOC T 

212328b T 


A 1 _A 1—1 QQQ 

oi-oi-iyyy 






FI 


970316 A 


A7 AO 1 AA7 

07-03-199/ 






GB 


2304587 A,B 


OC AO 1 AA7 

26-03-199/ 






/> rv 

GB 


OOICVIIC A D 

231541b A,B 


A/1— AO_1 QQQ 

04-oz iyyo 






i rv 
JP 


1 ACA1C7C T 

105036/6 T 


A7 A/— 1 QQQ 

o/-o4-iyyo 






LT 


A7flOO A D 

970ZZ A,B 


OC— 1 1—1 QQ7 

zb-n-iyy/ 






LU 


nnnoi A 

90031 A 


1 C—A/1 __ 1 QQ7 

16-04-iyy/ 






NO 


970289 A 


26-03-1997 






PL 


318270 A 


26-05-1997 






SE 


9700206 A 


28-02-1997 






SI 


9520079 A 


31-12-1997 






SK 


11597 A 


08-10-1998 






US 


5843120 A 


01-12-1998 


EP 0875215 A 


04-11-1998 


IT 


T0970369 A 


29-10-1998 





Form PCT/IS A/21 0 (patent tamity annex) (July 1 992) 



MSDOCIO. <WO 9944543A1_I_> 



